Zinc (Zn) and copper (Cu) are essential nutrients. However, the functions and interplay between these two minerals remain to be fully understood, especially in the feeding of piglets, where Cu is used as a "growth promoter". The process of weaning imposes a lot of changes in the dietary conditions which may contribute to the weaning problems. Besides being heavy metals, Cu and Zn are required in the functioning of the young pig. Thus, further studies of the basic functions and interplay between Cu and Zn in relation to environmental aspects are needed.
INTRODUCTION
Zinc (Zn) and copper (Cu) have structural or catalytic roles in many metalloproteins that function as enzymes. Zn in particular participates in several enzymes which are of great importance for growth and development. Zn is deeply involved in the metabolism of DNA and protein, and as such is very important in cell differentiation and cell replication. As a result, the Zn requirement is greatest in fastgrowing animals, and the effects of Zn deficiency are most harmful in foetuses and young animals, where cell differentiation and replication are highest (Apgar, 1985; Keen and Hurley, 1987) . Furthermore, Zn is important for the functioning of the immune system (Keen and Gerschwin, 1990) . Cu is substantially involved in processes concerning iron utilisation and synthesis of connective tissue (Prohaska, 1988) . Consequently, Zn and Cu are essential nutrients and both are classified within the group of trace minerals.
COPPER AS A GROWTH FACTOR
Since the inclusion of large amounts of Cu results in an increase in daily gain and feed conversion ratio, Cu has been used as a "growth promoter" in pig production for several decades. However, the mechanisms behind the growth stimulating effect remain a matter of controversy. It has long been hypothesised that Cu exerts a growth-limiting effect on the intestinal microflora, thus leaving more nutrients available for absorption to the pig. However, Fuller et al. (1960) , reported no apparent differences between the microflora in Cu supplemented and non-supplemented pigs. In contrast, Kirchgessner et al. (1976) found that addition of dietary Cu increased protein utilisation, probably through activation of pepsin. Later it was hypothesised that Cu supplementation exerts an effect on the villus structure and thus decreases the turnover of the intestinal cells, possibly through an interaction (Shurson et al., 1990; Radecki et al., 1992) . This would likewise result in more nutrients becoming available for absorption.
Recently, it has been claimed that the growth promoting effect is a systemic effect within the body rather than an antimicrobial effect in the intestinal tract (Zhou et al., 1994 a,b) . Although the growth-promoting effect is not valid under all conditions, the greatest effect of Cu addition is generally recorded in young pigs. Thus Cu addition has been restricted to feeds for young pigs from weaning (Table 1) . Inclusion of high amounts of Zn (about 2.500 ppm Zn as zinc oxide) in diets fed to piglets for two weeks after weaning has an inhibitory effect on the incidence and severity of unspecific post-weaning scouring and/or daily gain (Poulsen, 1989 (Poulsen, , 1995 Hahn and Baker, 1993) . The functional evidence behind this beneficial effect remains to be demonstrated, but the above-mentioned effects on growth and diarrhoea were coincident with an increase in Zn concentration in plasma. A decrease in plasma Zn is seen in connection with E. coli infections in chickens (Butler and Curtin, 1973) and in pigs challenged with endoxin (Chesters and Will, 1981) . Furthermore, Zn retention is reduced in young pigs with intestinal infections (Whitenack et al., 1978) . These findings suggest that piglets fed too little dietary Zn may be more susceptible to infections. In addition, it should be noted that negative Zn balance is seen in humans with intestinal infections, probably caused by massive secretory loss into the intestine (Prasad, 1985) . Usually, endogenous Zn is secreted via the pancreatic juice (Sternlieb, 1988) . However, compared with the daily intake of Zn, the secretion of Zn in pancreatic juice is low (Jensen et al., 1998) . Zn is also secreted into the intestinal lumen from the intestinal cells and is also lost with discharged intestinal cells (Cousins, 1985) . The urinary excretion of Zn is normally very low (Poulsen and Larsen, 1995) . The labile Zn pool in the pig body is small (Larvor, 1983) , and thus a constant dietary supply is necessary. In humans, Zn deficiency can cause non-thriving and diarrhoea (Golden and Golden, 1985) . Frequently, cases of human non-specific diarrhoea are improved with Zn therapy (McClain et al., 1988) . In pigs, failure to thrive is one of the first symptoms of Zn deficiency, yet diarrhoea is also recorded (Brink et al., 1959) . These reports emphasise that Zn is indeed an essential nutrient, and demonstrate the importance of a sufficient dietary supply of Zn to young pigs. But more specific knowledge is still required.
Until now, little attention has been ascribed to define the absolute digestibility (availability) of Zn in the different inorganic and organic sources used for dietary supplementation. However, the apparent digestibility of Zn in zinc oxide has been shown to be as low as 20% (Poulsen and Larsen, 1995) . Furthermore, studies have revealed differences in the relative availability when different sources are compared with a standard source (Wedekind and Baker, 1990; Wedekind et al., 1992) .
INTERACTIONS BETWEEN Zn AND Cu
Interactions between Zn and Cu have been demonstrated. In the intestinal tract, the metabolism of the two trace elements is closely coupled to thionein (Cousins, 1985) . Zn and maybe also Cu can induce the synthesis of this protein in the intes-tinal cells. As a result, thionein binds Zn and Cu by forming metallothionein. Apparently, Zn is superior in inducing the synthesis of thionein, whereas the affinity of thionein is greater for Cu than for Zn (Cousins, 1985) . Zn seems to play the more active and Cu the more passive role (Davis and Mertz, 1987) . From the intestinal cells, Zn and Cu may be transferred to the portal vein, or Zn and Cu may be secreted into the intestinal lumen or lost by discharge of the intestinal cells.
When Cu is added to pig diets at growth promoting levels, the interactions between Zn and Cu may cause problems, i.e. it can result in Zn deficiency, which needs to be rectified by Zn supplementation. Furthermore, the dietary Cu level seems to affect the outcome of inclusion of high amounts of Zn (as zinc oxide) in the diets for newly weaned piglets (Poulsen, 1995) . By the above-mentioned intestinal antagonistic interaction, high dietary inclusion of Zn may also result in Cu deficiency (Davis and Mertz, 1987) . However, these aspects need further clarification.
EXCLUSIVELY ESSENTIAL GROWTH FACTORS ?
As already mentioned, there is still controversy in the defining and understanding of the function of Cu when it is used as a "growth promoter". In addition, recent studies have revealed positive effects following the inclusion of Zn (as zinc oxide) in diets for newly weaned piglets. Therefore, heavy Cu and/or Zn supplementation of pig diets is clearly still a matter of complexity and of concern. Firstly, it may cause problems with interactions, especially the antagonistic interactions, which will often require readjustments of the dietary need for the interacting mineral(s). Secondly, chronic poisoning has been reported in sheep grazing herbage dressed with liquid manure from pigs fed Cu-supplemented diets (Davis and Mertz, 1987) ; therefore such pig manure is potentially toxic to sheep. Thirdly, the heavy inclusion of Cu and/or Zn may pose environmental problems, because the dietary Cu and/or Zn will be concentrated in the pig wastes and later spread on the arable land. This may result in substantial increases in the soil content of these minerals.
Calculations have been made, based on the maximum allowed pig density in Denmark and on standard values of feed intake, dietary mineral content and mineral retention, of the amounts of Cu spread per hectar (ha) of arable land, for different scenarios (Table 2) . Furthermore, it was calculated how many years of manure application will pass until the upper soil quality criteria is reached in a standard soil (Larsen et al., 1996) . The critical value for soil Cu content is laid down by the Danish Environmental Protection Agency for sludge and is based on the EU Directive 86/278/E0F (Larsen et al., 1996) . It is assumed in the calculations that the Cu contribution per ha originates exclusively from pig manure, and that calculated on the basis of a 20 cm deep ploughing and a specific gravity of 1.5, i.e. in case of an addition of 3 kg Cu/ha, the Cu content will increase by 1 mg/kg (dry soil). The natural soil content is estimated at 10 mg/kg (Magid, 1997) the amount taken away by a standard crop (wheat) approximates 30 g per ha. Table 2 shows that when Cu is used as a "growth promoter" at allowed Danish (and EU) levels, it will only take about 110 years, before the Cu content in the soil reaches the given critical value. When Cu supplementation is used from weaning until slaughter, which is not allowed in Denmark (or in the EU), the critical value will be reached within 50 years. In evaluating the risk of heavy metal accumulation and pollution of the soil, it is important to be aware of the fact that it takes much longer to get rid of the accumulated amounts than it takes to reach the critical values.
Some values on the corresponding Zn accumulation in some hypothetical cases are shown in Table 3 . It is obvious that the Zn situation is not as critical as the Cu case. However, Zn accumulation may become a problem, especially in cases where the maximum allowed dietary Zn content is used in practice. calculated on the basis of a 20 cm deep ploughing and a specific gravity of 1.5, i.e. in case of an addition of 3 kg Zn/ha, the Zn content will increase by 1 mg/kg (dry soil). The natural soil content is estimated at 25 mg/kg (Magid, 1997) CONCLUSIONS Summing up, Zn and Cu are essential nutrients, and also nutrients that play a special and very important role in young, newly-weaned piglets. However, the specific functions and interplay between the two minerals remain to be fully understood. The process of early weaning imposes a lot of changes in the dietary and the housing conditions. These changes contribute to the problems frequently seen after weaning (diarrhoea, reduced growth etc.). Evidently, the supply of both Zn and Cu is crucial to the functioning of the young pig. Nevertheless, there is a lack in the understanding of the role of these trace elements, especially in the young Pig-How then should we feed the young pig so that we fulfil its need for Zn and Cu and at the same time pay regard to the environmental aspects? Bearing this in mind, several points have to be addressed: -the basic function of Cu in young pigs -the basic function of Zn in young pigs -the interactions between Zn and Cu and their functional consequences -the availability of the dietary intrinsic Zn and Cu content and of the Zn and Cu sources used for dietary supplementation -the specific physiologic need of Zn and Cu in terms of available amounts.
Finally, it might be important and necessary in the future to relate the young piglet's need for Cu and especially Zn to daily amounts per pig instead of per kg diet. This will enable us to focus more directly on the specific process of weaning and the possibilities to reduce the post weaning problems, i.e. diarrhoea and failure to thrive, by dietary means. Obviously, there is a great need for further research in this specific field.
